The (j)NN coupling from chiral loops 
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Abstract 

>. 

, Starting from effective Lagrangians which combine a gauge for- 

mulation of Vector Meson Dominance with Chiral Lagrangians, the 
coupling of the to the nucleon, which is zero at tree level due to the 
OZI rule, is calculated perturbatively considering loop contributions to 
I the electric and magnetic form factors. We obtain reasonably smaller 

• values for both form factors than those for pNN and consistent with 

the expected order of magnitude of the OZI rule violation. The role of 
the (j) — uj mixing is also investigated. 

^ ; 1 Introduction 

A general formulation of vector meson couplings to pseudoscalar mesons and 
^ ' baryons can be constructed combining elements of Vector Meson Dominance 

and SU(3) chiral Lagrangians [1, 2, 3, 4], hence placing the (j) and the p on 
the same footing. Yet, the p and (p couple to the nucleon in a very different 
way, since the Lagrangians are consistent with the OZI rule and thus the 
(j), which stands for a ss state in this formulation, does not couple to the 
nucleon nor to pions at the tree level. The same Lagrangians, however, allow 
one to perform perturbative calculations to account for loop contributions 
to the (j) couplings, involving kaons and hyperons to which the (p couples 
naturally. One, nevertheless, still expects the couplings to be small since 
the OZI rule should not be much violated. One of the reactions where the 
OZI rule shows up, drastically reducing the decay rate, is the (p vr"'"7r~ 
reaction [5], where the combination of the OZI rule and isospin symmetry 
leads to an extremely small branching ratio. This can explicitly be seen in 
theoretical calculations [6, 7, 8, 9], where one finds large cancellations as a 
combined effect of isospin symmetry and the OZI rule. 

Unlike the p coupling to the nucleon which has been the subject of much 
research from different theoretical points of view [10, 11, 12, 13, 14, 15, 16, 
17, 18, 19], the (p coupling to the nucleon has comparatively received much 
less attention. Some studies done using theoretical dispersion relations give 
a rather large coupling of the (p to the nucleon [20, 21, 22, 23] implying a 
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large violation of the OZI rule. A reanalysis of the situation was done in 
[24], where the consideration in the dispersion-theoretical analysis of the 
correlated pir exchange term in the NN potential [25] drastically reduced 
the former results for the (j) coupling. At the same time a perturbativc 
calculation by explicitly evaluating the indirect coupling of the <p to the 
nucleon through the K and K* meson cloud and hyperon excitation was 
done, and it was concluded that the couplings, although with uncertainties, 
were indeed small and compatible with the expected OZI rule violation. 

New developments in chiral theory and vector meson interaction with 
nucleons and nuclei have given us more elements to tackle the problem and 
make a more quantitative evaluation of the (j) coupling. One of the interest- 
ing developments was the combination of chiral symmetry with vector meson 
dominance formulated within a gauge invariant framework. Thanks to this, 
vertex corrections of the type of contact terms VPBB (vector-pseudoscalar- 
baryon-baryon) are generated [4, 26, 27, 28, 29] which introduce new terms 
in the loop calculations of the vector meson form factors. Such task was un- 
dertaken recently in the evaluation of the loop contribution to the p electric 
and magnetic form factors [30], which led to corrections quite stable with 
respect to moderate changes in the regularizing scale of the theory. 

The purpose of the present paper is to make an evaluation of the electric 
and magnetic form factors of the (j) coupling to the nucleon for which we 
follow closely the approach of [30]. There are also other new elements in 
the present evaluation, like the consideration of the S*(1385) in addition to 
the A and the E in the intermediate states. This is done for consistency 
with the study of the p coupling where A(1232) intermediate states were 
also considered. The consideration of A intermediate states was advocated 
in [31, 32, 33] as a way to implement in the chiral perturbative calculations 
appropriate limits of large N^.- The S*(1385) is the element of the SU(3) 
decuplet which plays to the hyperons the role of the A to the nucleons. 
Although there are other reasons to include the A contribution because of its 
strong magnetic transition to the nucleon, consistency with SU (3) symmetry 
suggests the inclusion of the E* in the strange sector if the A is included in 
the non strange one. In fact, as we shall see, the actual calculations show 
that the contribution of the S* is comparable to that of other intermediate 
hyperons. We also take into account the (p — oj mixing which, although with 
uncertainties, can give a small contribution to the (f)NN vector coupling, 
but a negligible contribution to the tensor one. 

The strength which we get for the couplings is small and consistent with 
a weak violation of the OZI rule. On the other hand the results obtained 
are quite stable and provide a realistic determination of the size and sign of 
the (f)NN electric and magnetic form factors for not too large values of the 
(p momentum. 
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2 Model for the (l)NN coupling 



In this section we introduce the Lagrangians needed to calculate the one 
loop contributions to the (pNN couplings and perform the calculation. In 
general, the vertex function of the (j)NN coupling can be written in terms 
of two Lorentz independent functions, and G^: 



-iU^n = i [G^'igh^ + ^'^'"Q.j 4 (1) 

being q and e* the momentum and the polarization vector of the outgoing (p. 
For convenience, we work in the Breit frame, i. e., = 0, pi = q/2 (initial 
proton) and Pf = —9/2 (final proton), and also in the non-relativistic limit. 
Then eq. (1) is written as 



-it^NN = iG^{q)e'^ - X • r (2) 

with 



G^{q) = G^'iq) 

G^{q) = G^(g) + G^(g) (3) 

In order to perform the calculations, we use the effective Lagrangians 
of refs. [3, 4], which combine chiral 5*^7(3) dynamics with VMD ^. The 
basic coupling of the pseudoscalar mesons to the baryons is given by the 
Lagrangian 



jCbbp = ^tr (57^75 K, B]) + ^tr {B^^^^iu^^ , B}) (4) 

with 



u'^ = -^{d^P + ij^[V^,P]] (5) 



'^We have modified the formulae of [3, 4] in order to use the normalizations of the P, 
and U/j, matrices of rcf. [35] which arc more commonly used in the literature when using 
chiral Lagrangians, and the sign of g to agree with the paper of the pNN coupling of [30]. 
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In these two last equations B and P represent the SU (3) matrix fields of the 
baryon and pseudoscalar meson octets, respectively, / = 93 MeV is the pion 
decay constant, and we take g = —6.05, F = 0.51 and D = 0.75, as done 
in [4]. The vector mesons have been introduced by means of the minimal 
substitution scheme, in terms of the matrix V^, which, when considering 
only neutral states, reads 



I I Pl + '^f^ 
^^ = ^ I -pI + cv^ I (6) 



V^cp;, 



The pseudoscalar meson- vector meson couplings are given in refs. [3, 34], 
and can be obtained by introducing a gauge-covariant derivative in the Klein- 
Gordon Lagrangian 



d,P ^ D,P = d^P + i^[V„ P] (7) 



In this way we obtain the Lagrangian 



^VPP = -^tr{V^[d^P,P]) (8) 

The Lagrangian of eq. (4) provides the BBP and BBVP vertices but 
does not provide the direct couplings of the vector mesons to the baryon 
fields BBV. These vertices are given by the Lagrangian [4] 



Jl^BBV = {tr{Bj^[V^, B] + tr{Bj^B)tr{V^)) (9) 

In order to evaluate the contribution of diagrams d) and e) we need the 
BBPP and BBPPV vertices. These vertices can be obtained from the 
chiral Lagrangian [35] 



ji: = itr{Bj''[T^,B]) (10) 



with 



= ^ {^^(^^ + ^^^/^)^ + ^(^M + ^^^m)"^} (11) 
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where u is defined in reference [35]. 

It is important to stress that, according to the OZI rule, we do not get 
any direct coupHng of the (f) to the nucleon from the Lagrangian in eq. (9). 
As a consequence, all the contributions to the electric and magnetic form 
factors of the cp coupling to the nucleon within this framework should come 
from loop diagrams. The one loop diagrams contributing to these form 
factors are given in fig. 1. The contribution of each diagram to G^^vat ^^^d 
to is given in Appendix B. We will discuss later on with more detail 

the calculations and results obtained. 
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Figure 1: One loop diagrams evaluated. 

In the former Lagrangians only baryons from the octet are involved. 
Here we will consider also the S* as an intermediate state, which belongs to 
the decuplet. It is worth including this hyperon in our calculations since its 
contribution to some processes can be as big as (or even bigger than) the 
one of the S, as can be seen in reference [36]. The KNT,* vertex is given by 
[37] 



V, 



KNT,* 



5 2/ 



(12) 



where 5*^^ is the spin transition operator from S' = l/2toS' = 3/2 and k 
is the momentum of the incoming kaon. The A coefficient takes the values 
-_1/V2, -1, -1, l/^/2 for the K'p S*^, K'n S*", K^p S*+, 
K^n S*^ transitions respectively. To evaluate the diagram b) of fig. 1 
with intermediate S*, we need also to know the (pNKT,* vertices. These 
vertices are given in ref. [37] and have the form 



(t>KNT,* 



-9- 



2V3D + F 



(13) 
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where the A coefficients have the same values as in the KNU* vertex. Eqs. 
(12), (13) are derived using SU{<o) symmetry in [37]. Since we are in the 
strange sector, SU{2>) could be broken and the most likely way to account 
for it is through the change f to fx = 1.22/. Wc shall also evaluate the 
results using this latter coupling to estimate uncertainties in the results. 

Finally, we will need to know the direct <^S*S* vertex in order to evaluate 
diagram c). We can relate this vertex to the (^ES one by means of a quark 
model (see Appendix A). 

With the Lagrangians and vertices previously introduced we can evaluate 
all the diagrams in figure 1. In diagram a) we can have A, S and E* baryons 
as intermediate states. The evaluation of these diagrams is straightforward 
and the results obtained for G^^j^{q = 0) and G^^j^{q = 0) are shown in 
table 1 and table 2. 

The other diagrams to be considered contain direct couplings of the (j) to 
the baryonic leg. In these diagrams we multiply the expressions for G^j^^{q) 

and G^j^^{q) given in Appendix B by the F^{Q) form factor, defined in 
eq. (28). The contribution of diagram b) to G^j^j^{q) is of order 0{1/M) 
and we will not consider it here, as also done in [30], since corrections of 
order 0{1/M) in other terms have also been neglected. In Appendix B 
we give the contributions of diagram b) with A, E and E* as intermediate 
mesons to G^^j^j^{q). The expressions in the Appendix include the sum of 
both diagrams b) with the (p attached to the upper and lower vertices. 

Another set of diagrams that contribute to both G^^^y {q) and G^j^pf (q) 
is represented by diagram c) in figure 1, where ^AA, ^EE and 0E*E* ver- 
tices appear (we do not have vertices attaching a <f> to two different baryons, 
in contrast with the p case, since the (p is an isoscalar). The ^EE* cou- 
pling is also zero using SU (6) arguments as done in Appendix A. The (j)AA 
and ^EE vertices can be obtained from Lagrangian (9). However, this La- 
grangian docs not account for baryons belonging to the decouplet, and we 
have to resort to a quark model to relate the 0E*E* coupling to the ^EE, 
as announced before. This is done in Appendix A in an analogous way as 
it was done in ref. [30] to relate the pNA and pAA couplings to the pNN 
coupling. Wc should also note here that the use of the nonrelativistic SU{()) 
symmetry to relate these meson baryon baryon couplings was advocated in 
[31] in order to ensure basic large Nc counting rules. Note also that dia- 
grams a), b) and c), in the case of intermediate E's, account actually for 
two diagrams, since the intermediate hyperon can be either a E+ or a EO. 
The same happens in the case of intermediate E* . Finally, diagrams d) and 
e) of fig. 1 do not contribute to the ^NN coupling at q = and we do not 
consider them (see Appendix B) since we are mostly concerned about the 
values of the couplings at q = 0, and the qualitative trend at small q values. 
We shall further comment on uncertainties from this source. Furthermore, 
one can also see from the Appendix that these diagrams do not contribute 
toG^. 
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Interm. baryon 


a) b) 


c) 


Sum 


A 


-0.49 — 


0.49 





S 


-0.05 — 


0.05 





s* 


0.40 — 


-0.40 





Total G|'^^(g = 0: 


1 








Table 1: Different contributions to G£vjv at g = 0. 



Interm. baryon 


a) 


b) 


c) 


Sum 


A 


-0.75 


0.60 


-0.17 


-0.32 


E 


-0.07 


0.06 


-0.02 


-0.03 


S* 

Tt-f : =» 


0.31 


-0.21 


1.35 


1.45 



Total Gfj,j^{q = 0) 1.10 



Table 2: Different contributions to G¥j^^ at q = 0. 



It is worth pointing out that the total contribution to G^{q) at g = is 
null, due to the cancellation between the contributions of diagrams a) and c) 
of fig. 1 for each intermediate baryon (we have done the calculations using an 
averaged kaon mass rriK = 495.7 MeV). This cancellation is a consequence of 
the gauge symmetry for vector mesons, whose implications were discussed in 
detail in [30] . These gauge invariancc arguments would break in the presence 
of form factors. This is well known in the literature where there are several 
prescriptions to restore it [27, 38, 39]. The implications of this breaking of 
gauge invariance due to the presence of form factors were discussed in [30] 
in the analogous derivation of the pNN coupling. There it was found that 
Gy^^ (g = 0) was still zero from these mesonic loops even in the presence of 
form factors. This is also the case here as we can see analytically from the 
expressions in Appendix B. At q finite there would be a breaking of gauge 
invariance, but the study of [30] served to show that the scale at which it is 
broken is given by the A parameter of the monopole form factors used (of the 
order of 1 GeV) and the results for values of q up to about 500 MeV/c were 
not affected by that symmetry breaking. These results can be extrapolated 
to the present case, thus limiting the values of q to about the same range. It 
is interesting to note that the cancellation of G^ at g = for the case of the 
p required a term with nucleon wave function renormalization. This term is 
null here since the ^ does not couple directly to the nucleon, but in spite of 
that, the requirement Gffj^^{q = 0) = also holds here and comes from a 
direct cancellation of the terms associated to diagrams a) and c). We can also 
see that the contributions of the diagrams with an intermediate S are small 
compared to those of the diagrams with intermediate A or S*. This is due 
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to the fact that the contributions of the diagrams with intermediate S are 
proportional to {D-Ff = 0.058, compared to the factors {D + 3Ff = 5.20 
and {D + F)"^ = 1.59 in the intermediate A and E* cases, respectively (see 
Appendix B). Another interesting fact is that G^^^ is dominated by the 
contribution of the diagrams with intermediate S* , specially diagram c) of 
fig. 1 with two intermediate S*, as we can see in table 2. The value that 
we get for this coupling is rather large but still a factor 20 smaller than 
the corresponding factor in the p coupling to the nucleon, G^*)^^ ~ 21. It 
is also about a factor 6 smaller than the contribution from loops to G^j^ 
found in [30]. 




q(MeV/c) 



Figure 2: q dependence of G^jqj^ and G^^j^. Dashed line: diagrams with 
intermediate A; dashed-dotted line: diagrams with intermediate S; dotted 
line: diagrams with intermediate E*; solid line: sum of all. 

In fig. 2 we show the q dependence of both couplings. We only present 

our results up to 500 MeV since we work in the non-rclativistic limit and also 
we have not taken into account the Oil/M) corrections. Furthermore, as 
discussed above, the presence of form factors would break gauge invariance 
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at the scale of 1 GeV. These approximations restrict the range of vahdity of 
our approach, being the higher energies region out of the scope of this paper. 
In the figure we see that G^^viv ^^^^ at g = and keeps to smah values in 
the low momentum region which wc study. Similarly, the q dependence of 
^^NN ^^^y smooth. Finally, let us stress that the final results have a non 
negligible dependence on the input of the calculation, mainly on the value 
of the A parameter in the form factors (see Appendix B). A change of 20% 
in this parameter induces a change of the same magnitude in the couplings. 
This gives an idea of the accuracy of the results. 

The work done here does not follow the heavy baryon formalism. This 
formalism is useful if one wishes to stick to a strict power counting. Hence 
our evaluation of the loop contribution to the (j) coupling diverts from this 
strict power counting. On the other hand, at the one loop level of the present 
calculation it keeps kinetic energies in the propagators, which is also a de- 
sirable feature. For some processes, like the meson baryon scattering, where 
such corrections matter in order to respect thresholds, phase space, which 
are of relevance to unitarity, etc. [40] , this diversion from the heavy baryon 
formalism has proved to be phenomenologically advantageous. Although 
here these effects are no so relevant we have followed the same philosophy, 
using baryon propagators in their nonrelativistic approximation. 

One can also think about including higher order terms which have proved 
relevant in the unitarization of chiral perturbation theory [41]. These terms 
would lead to the (j) coupling to KK components and back to the 0, plus 
iterations of such diagrams. This part has been done in the study of the 
pion and kaon vector form factors in [42] and would lead to a dressed (f) 
propagator in any process where the (f) is exchanged, for instance, between 
two nucleons, or a nucleon and a kaon. The use of the full ^ propagator as 
it is obtained in [42] would be the complement to the work done here with 
the (pNN coupling. 

2.1 (f) — u mixing contribution. 

There is still another contribution to the couplings which we want to address 
here. This comes from the (f) — u mixing and the coupling of the u to the 
nucleon. The (f> — tu mixing problem has received much attention in the 
literature and it is still an unsettled problem [43, 44, 45, 46, 47, 48, 49]. The 
mechanism producing this new induced (j) coupling to the nucleon is shown 
in figure 3. 

The uNN coupling has the same structure as the (f)NN one, eq. (1), 
and it is commonly accepted from studies of the A^A'^ interaction that G^jyjj^ 
is of the order of 15 while G^j^^, unlike the case of the p,is very small, 
compatible with zero [50]. A reanalysis of the isoscalar NN interaction 
including "d" exchange from correlated two pion exchange using a chiral 
formalism [51], plus the uncorrelated two pion exchange of the box diagrams 
with intermediate A, plus u) exchange, gives a coupling G^jvAf ~ ^^\- 

The (f) — Lo coupling is given by the Lagrangian 
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Figure 3: Diagram corresponding to the (j) — lo mixing contribution to the 
(pNN couphng. 



C = ^e^e^{c|>)e^'{u;) (14) 

where G<^ is the (j) — uj mixing parameter and €^{(1)) and en{uj) are the 
polarizations of the (p and uj resonances, respectively. 

Around the u, 4> mass there are two possible scenarios [43], one of which 
has Re G^^^ = (weak mixing) and the other Re G^^ = 20000 ~ 29000 
MeV^ (strong mixing) . A straightforward evaluation of the diagram of fig. 3 
would provide 

GInn{^ = 0) = -^Gl^^iq = 0) ~ -0.6 (15) 

in the strong mixing case. This is of the order of 1/5 of G^j^j^, so still within 
values compatible with the OZI violation. Yet, this value quoted above, 
apart from the obvious uncertainties in the choice of possible scenarios, 
could be irrelevant if one assumes that the (p — uj mixing is largely given by 
the kaon loops as assumed in [46, 48]. Should this be the case, then the loop 
function vanishes at s = {q^ = 0, ^ = in the present case), as shown 
in [46] in order to ensure that the photon remains massless [3], and also 
to have current conservation according to [52] , although strictly speaking it 
should be sufficient that the sum of loops for different hadrons vanishes at 
s = 0. Other arguments in order to support the vanishing at s = of the 
individual loops are given [46]. This means that at = g = there would 
be no contribution to G^jqj^{q = 0) from cj) — u mixing. At q ^ there 
could be some contributions, but in the range of momenta considered here 
the contribution to G^jyAf using the (I) — lo mixing given in [46] would be also 
very small. Of course for G^jvatj since G'^j^n compatible with zero, there 
would be no contribution from this mixing. 

We have also conducted other tests to estimate uncertainties in the re- 
sults. First we change f to fx = 1-22/ and then all the results are multiplied 
by the factor (1.22)~^, hence multiplying the resuts by 0.67, and producing 
a 33% reduction of the present results. 

On the other hand we have also used different values for the F and 
D parameters. Appart from those used in the text we have redone the 
calculations with D = 0.85, F = 0.52 [53], and D = 0.80, F = 0.50 [54]. 
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In the first of tfiese cases we get G {q = 0) = 1.29 and in the second case 
G^{q = 0) = 1.16, to be compared with the number G^{q = 0) = 1.10 that 
was obtained before using D = 0.75, F = 0.51. All this gives us an idea 
of the uncertainties that we can expect. Together with uncertainties of the 
order of 20 — 30% from uncertainties in the form factors, all these sources 
could lead to about 40% total uncertainty in G^ [q = 0) when summed in 
quadrature. 



3 Conclusions 

We have evaluated the contributions to G^^j^{q) and G^^j^{q) for the OZI 
violating (f)NN coupling. Since there is no direct coupling of the cj) to the 
nucleon, all the contributions come from loop diagrams, although wc have 
also discussed the effect of ^ — u; mixing. The loops are regularized by means 
of a form factor, introducing an effective cut off of the order of 1.2 GeV. In 
addition we also restrict the space of intermediate states to the A, S and 
S*. This kind of regularization from two sources has been successfully used 
in a large number of evaluations of chiral bag models [55]. 

We find that G^jvAf ^^^^ at q = and grows smoothly in the low en- 
ergy regime reaching values of around 0.1 at g = 500 MeV. In the G^TVAr 
coupling case we find a value of 1.1 at g = 0, with a very smooth depen- 
dence on the momentum. This coupling is dominated by the contribution 
of diagrams with intermediate S*. In both G^jvAf ^^nn contri- 
bution of diagrams with intermediate S is very small compared to those of 
the diagrams with intermediate A, S*, due to the smallness of the T,KN, 
TiKN(j) couplings. The values of the couplings that we have obtained are 
small compared to the corresponding couplings in the case of the pNN in- 
teraction, G^jvAT = 2.9 ± 0.3 and = 20.9 ± 2.3, as expected from the 
OZI rule. However, the one loop calculation of G^^ of ref. [30] gives a 
value G^jy = 6.05, only a factor 6 bigger than the one obtained here. 

We have also discussed uncertainties in these form factors. We find that 
although G^jYTv ~ 0) is equal to zero from loops and also from the (f) — lo 
mixing, according to [46], there would be contributions to G^j^j^{q) from 
the (f) — CO mixing and also from the diagrams d,c of fig. 1 at g 7^ 0. We have 
not included these contributions here, hence the q dependence of G^i^j^{q) 
obtained from the loops should be only taken as indicative of the trend of the 
results. On the other hand the results obtained for G'^]^^{q) are in a more 
solid ground since neither of the aforementioned mechanisms contributes to 
this form factor. Hence up to the moderate values of g ~ 500 McV/c, where 
the presence of the monopole form factors does not spoil gauge invariance, 
the resuts obtained here should be reliable. Given the weak dependence 
on q found here for G^j^j^ and G^j^j^ in that range of momenta, the value 
for G^^j^j^iq = 0) and its approximate constancy in that range of momenta 
should be reliable results, within the uncertainties quoted at the end of the 
former section. 
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Appendices 

A Quark model for the 011* S* vertex 

In this Appendix we relate the <^S*S* and (^SS vertices through the SU{6) 
quark model. Let us define the operator corresponding to the (f) coupling to 
the i-th quark for 



- "^(«) 2m, ^^^^ 

where ruq is the quark mass, q is the momentum of the outgoing (j) and G*^^ 
is the factor corresponding to the cf) coupling to the quark q. For a S 
baryon with spin up the quark model provides 



(sMii:4^isM)=-GS^^ (17) 

i=i 

Here we have used that (S | |o-3|S t)=l, as can be obtained using the S 
wave function in the spin-flavor space 



|S+ T) = ■^{4>MsXMs + 4>maxma) (18) 

with 



,(T) _ J_r/'t I I 1 1\ t _o ft II ^,{T) _ 1 



Xms = ^[(Ti + it) T -2 TTi] x)IJa = 7f (Ti - it) T (20) 

Using these wave functions and comparing with the definition of mag- 
netic coupling to the nucleon (see eq. (2)), we easily find that 
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= (21) 

2mg 2Mjv V2 2Mn 



where the result ~ ^^"^ obtained from the Lagrangian of eq. (9). 



In the same way, we can relate G^* to G¥^^ . To do that we must use the 



E*"*" wave function in the spin-flavor space 

|S*+T) = |<^5)|X5) (22) 

with 



4^*^) = -^{uus + usu + suu) X? = ^(TTi + Tit + ITT) (23) 
Using this wave function we obtain 



T lE5g|S*+ T) = -2Gf,)^^^ (24) 
i=i ^"^9 

The magnetic coupling to the S* is defined 



qM 

-it^E*E* = iGi*e° - ^iSn* X q) e (25) 

Taking care of the normalization of the couplings, it is straightforward 
to arrive at 



r<M g¥s 1 

= 4-M = 4-^ = -2^2^^ (26) 
2Mn 2mq 2Mn ^ 2Mn ^ ' 

The evaluation of G^* is analogous and even easier since in this case 
only matrix elements of the identity in both the spin and flavor space must 
be calculated. We get 



G% =Gi = -^ (27) 

We do not get any model from SU (6) symmetry since in the eval- 

uation we get the scalar products of the flavor wave functions: {4>s*\4'ms) 
and {(Ps'I^^a) which are null. 
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B One loop calculations 



In this Appendix we give the exphcit expressions of the contributions of the 
loop diagrams to Gfj^^ and G^jq^. In the fohowing equations and diagrams 
denotes the (j) polarization vector, and: 



q={E{q),q) 
Lo{k) = ^Jk"^ + m\ 



Fxik) = 



A2 



A2 + A;2 
A = 1.2 GeV 



Q=iO,q) 
= 2.5 GeV 



(28) 



a) 



where the sub index Y refers to any of the hyperons considered here (A, S, 
E*). The values of the A parameters appearing in the form factors (1.2 GeV 
for the coupling of pseudoscalars and 2.5 GeV for the coupling of vector 
mesons) arc motivated by the study of the A^A^ interaction in [50] and are 
taken there for pions and p mesons by analogy. We warn the reader that, 
in order not to complicate excessively the expressions, we have deliberately 
omitted the form factors and the M/ E relativistic corrections to the baryonic 
propagators in the following equations, although it should be kept in mind 
that one must include them to perform the numerical calculations. 

q/2-Q 



q/2-Q/2+p 



s Q/2+P 
'-P+Q/2 



G 



E a) 
(t>NN 



io) 



a) 



(2^ 



P 



(29) 



q/2 



a) 3 



where the ay and /3y coefficients, for A and S intermediate hyperons, are: 



The /i and /2 functions are defined as: 
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u{p + q/2) + io{p- q/2) E{q/2) - uj{p + q/2) - Eyip) 



(32) 



f2ip,q) 



E{q/2)-u;{p-q/2)-EY(.p) 
1 



1 



w(p + q/2) + uj{p- q/2) E{q/2) - uj{p + q/2) - Eyip) 
co{p + q/2) + Lo{p- q/2) + Eyif) - E{q/2) 1 



E{q/2)-u{p- q/2) -Eyip) 



2u;{p + q/2)uj{p- q/2) 



b) q/2-Q 



q/2-Q/2+p 
Z* 



sQ/2+p 

^y\r Q 

'-P+Q/2 



q/2 



In the calculation of diagrams with intermediate S*'s one has different 
spin and isospin factors since the spin and isospin transition operators ap- 
pearing in the corresponding Lagrangians satisfy the following relations: 



I 2 i 



Taking this into account one finds 



(33) 



12^2 m + F 
\ 2/ 



h) 

'^(j)NN 

2Mjv 



6V2/D + F\2 f 



d^p 
(2^ 



P^-^j/2(#,g-) (35) 



c) q/2-Q 



p+Q/21 



A, 2 * 
-p+q/2-Q/2 



q/2 



(36) 
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c) o 



2Mjv ^ y (27r)3 V J 2io{p + q/2) 

E{q/2)-^{P + m-EY{p) ^^^^ 

with 



d) q'2-Q 



p-Q/2 

A,r 



^♦2 



r,E d) d) [ d^P 1 



(27r)3 2a;(p) 



£;(g72) - cuip) - - p) E{q/2) - u{p) - EY{-q/2 - p) 



(39) 



q/2 



d),^ d) f d'i 



d^p (pqf 



(27r)3 2g 2^(p) E{q/2) - u{p) - EY{q/2 - p) 
1 



E{q/2)-^{p)-EY{-q/2-P) 



(40) 



a 



d) 



1 fD + 3F\- 



3V2 V 2/ 



'^"V2l 2/ 



(41) 



e) 



p-q/2+Q/2 T 



q/2-Q 



p-Q/2 
Q 
p+Q/2 



Ee).^ 12^/2 /£+F\ 2 



25 V 2/ 



d^p 1 
(27r)3 2u;(p} 



X (42) 



nil 



E{q/2) - u(p) - Es* {q/2 - p) E{q/2) - u{p) - E^.* {-q/2 - p) 



1 1 

E{q/2)-io{p)-Ej:,{q/2-p) E{q/2) - u{p) - Ej:,{-q/2 - p) 

(43) 
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To evaluate this diagram we have used the relation 



5 12 1 



(44) 



f) q/2-Q 

\'\J\^ Q 



P 1 



q/2 



g) q/2-Q 



and 



p 



P-Q 



q/2 



We do not take into account diagrams f) and g) since they cancel at 
q = 0. At this value of q diagram f) is proportional to: 



and diagram g) is proportional to: 



(45) 



/ 



Taking into account the integral identity: 



(46) 



/ 



Apt^p"" 



2ff 



(47) 



(p2 + s + ie)2 J k'^ + s + ie 
it is straightforward to see that these diagrams cancel at g = 0. 
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